SUMMARY Short chain fatty acid absorption from the human rectum has been studied in 46 subjects attending an obesity clinic, using a dialysis bag technique. From a mixed electrolyte solution, acetate concentrations fell from 97 0 to 64-2 mmol/l, and sodium from 97-8 to 85 1 mmol/l with respective net absorption rates of 8-1 and 5-2 [Lmol/cm2/h. From a solution with mixed short chain fatty acids acetate concentratio4 fell from 62-3 to 37-6 mmol/l, propionate from 20'2 to 11 '5mmol/l, and butyrate from 25*7 to 17-3 mmol/l with absorption rates of 5'2, 1 8, and 1 9 ttmol/cm2/h. Lowering pH from 7-2 to 5'5, to test the possibility that absorption occurred by passive non-ionic diffusion, had no effect on absorption rates, although pH rose rapidly in the dialysis fluid. These results are comparable with rates of acetate absorption from the animal large intestine. The hypothesis that short chain fatty acids are not absorbed from the large gut and therefore contribute to faecal bulk by retaining water in the bowel lumen may need revision.
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One of the best documented physiological actions of dietary fibre is its capacity to increase faecal bulk (Cummings et al., 1976; Mitchell and Eastwood, 1976) . The greater part of this increase in faecal weight is water (Cummings et al., 1976) . In vitro, fibre has been shown to have the property of holding water (McConnell et al., 1974) and it is this which is thought to account for faecal bulking. An alternative suggested mechanism is the retention in the colon of water in osmotic association with unabsorbed short chain fatty acids derived from the breakdown of fibre (Williams and Olmsted, 1936) . This was thought to be the mechanism which led to diarrhoea in children with glucosidase deficiency described by Weijers et al., (1961) .
Short chain fatty acids (acetic, propionic, and butyric) are the major anions in adult human faeces (Rubinstein et al., 1969) and are thought not to be absorbed by the human colon (Bustos-Fernandez et al., 1971 ). However, many animal studies have shown that they can absorb short chain fatty acids rapidly from the colon (Myers et al., 1967; Henning and Hird, 1972; Argenzio and Southworth, 1975) and that both ruminant and monogastric species rely on short chain fatty acids as an important source of energy.
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In the rabbit these contribute 30-40% of basal energy requirements (Parker, 1976) . The fate of short chain fatty acids in the human colon is important. They may be involved in the control of faecal bulk, are a potential source of energy and, despite the major anion in the faeces, their effect on colonic water and electrolyte transport in man is unknown. We have, therefore, studied short chain fatty acid absorption from the human rectum using the dialysis technique of Edmonds (Edmonds, 1971) and found that they are rapidly absorbed.
Methods
Forty-six subjects (10 men, 36 women, aged 16-66 years), who were patients attending an obesity clinic, volunteered to take part in the study. None had a history of colonic disease or had gastrointestinal symptoms at the time of the study. They were not fasting when studied. Absorption was measured by using a length of 8/32 dialysis tubing which was mounted on a stiffened catheter, filled with test solution through the catheter using a syringe, and spigotted. The catheter was then introduced into the rectum and left for one hour (Edmonds, 1971 Forty-five subjects were also studied with the solutions at pH 5'5 instead of 7'2. This was used to test the possibility that the degree of ionisation of short chain fatty acid would affect its absorption. At pH 5-5 about 15% of the short chain fatty acids will be present unionised and so may not be available for absorption if this occurs bypassiveionic diffusion. A further eight subjects were studied at pH 5 5 only for periods of 15, 30, and 60 minutes to ascertain the rate at which pH changed in the dialysis bag.
Short chain fatty acids were measured by gas liquid-chromatography. 0-5 millilitres of dialysate was diluted with 4-5 ml of a mixture of 1:4 formic acid: acetone AR, containing 2 methyl butyric acid as internal standard.
One microlitre injections were made on to a column of 25 % NPGA on 80-100 mesh Chromosorb W mounted on a Pye Series 104 Chromatograph at 165° (Cochrane, 1975 Sodium and chloride concentrations also fell in both solutions and there was a net absorption of water. Potassium concentration increased slightly, the change being significant only for solution II, but the concentration of bicarbonate increased almost five-fold.
The size of the dialysis bags varied slightly between individuals so the net rate of movement of the ions through the dialysis membrane has been calculated ( Table 2 ). This shows that acetate is lost from the dialysate at a greater rate (8-1 ± 0'8 ,tmol/ cm2/h) than sodium (4'7 ± 0-8 fXmol/cm2/h) and that the net rate of acetate transport from solution I is equivalent to the net rates of the combined acetate, propionate, and butyrate in solution II (5 2 + 1'8 + Short chain fatty acid absorption by the human large intestine 1.9 Umol/cm2/h). Net bicarbonate secretion into the dialysis bags was 4-5 ± 08 and 5-2 ± 1.1 ,.mol/cm2/h for the two solutions respectively and considerably exceeded chloride loss. The excess of bicarbonate over net chloride movement was approximately equivalent to the difference between sodium and short chain fatty acid loss giving an overall balance in the movement of ions. Potassium showed only small changes.
Ion movements of short chain fatty acid through the dialysis membrane at pH 5 5 were, for acetate alone, 8 5 + 0-6 pmol/cm2/h and for the mixed acid solution, acetate 4-3 ± 0 7 ILmol/cm2/h, propionate 1P4 ± 0-2 /mol/cm2/h, and butyrate 1-6 ± 0 5 ,Imol/cm2/h. Again net bicarbonate movement exceeded chloride movement, in the mixed acid solution (4'6 ± 0-6, 3 5 ± 05 pkmol/cm2/h) and these ions moved at similar rates in the acid solution containing acetate alone at pH 5 5 (bicarbonate 3.5 + 0 7, chloride 3-6 ± 12 ,Umol/cm2/h).
The studies undertaken to ascertain the rate at which pH changed from an initial pH of 5-5 show that it rose rapidly. The pH values (means + standard error) for four subjects at each time were: time zero, pH 5 50; 15 minutes, pH 6-62 ± 0-04; 30 minutes pH 7A45 ± 0-10 and 60 minutes, pH 7-66 ± 0 11. The value at 30 minutes was not significantly different from the final value.
Discussion
This study shows that the rectum, in addition to its previously demonstrated capacity to absorb water and electrolytes (Edmonds, 1971; Rask-Madsen, 1973a) , is able to absorb short chain fatty acids. Rectal mucosa shows all the absorptive and secretory functions of the colon (Rask-Madsen, 1973b) , although differences in the overall transport rate of electrolytes probably occur (Devroede et al., 1971) .
The technique we have used to study rectal mucosal transport has been previously validated by Edmonds (1971) . In rats he found no significant difference between ionic movements in a fluid free in the colonic lumen and the same fluid enclosed in a dialysis membrane. Secondly, Edmonds found in rat colon loss of 42K occurred from filled dialysis bags. Examination of the mucosa showed -the radionuclide was nearly all concentrated within the area of mucosa in contact with the dialysis membrane and beyond 1 cm from the end of the membrane very low count rates were observed. He was able to recover only 5-9% of radiosodium from the lumen when dialysis bag studies were undertaken in humans. These findings support the idea that ionic movement through the dialysis bag membrane is equivalent to transport into mucosa in contact with it. The dialysis membrane is not rate limiting for electrolyte movement and in preliminary in vitro experiments we confirmed that this was so for both ionised and unionised short chain fatty acids.
Despite the important part that short chain fatty acids play in colonic physiology, only Dawson et al. (1964) have attempted to measure their absorption. They demonstrated in a single subject with an excluded colon that acetate, propionate, and butyrate were all absorbed. All the evidence from the animal world, however, indicates that man would be an exception if he did not absorb short chain fatty acids. We have demonstrated absorption rates for short chain fatty acids of between 7-7 and 8-9 /Lmol/cm2/h in the human rectum which are similar to those observed in animal studies-for example, 10-5 ,umol/ cm2/h for rumen epithelium (Stevens and Stettler, 1966 ); 8'6 for equine large intestine (Argenzio et al., 1974) , and 9 4 in the large gut of the pig (Argenzio et al., 1975) .
Whether short chain fatty acids are absorbed by ionic or non-ionic diffusion cannot be deduced from our studies. We were unable to detect a difference in absorption rates for short chain fatty acids when pH 5*5 solutions were compared with pH 7-2. This could be because the pH of the 5*5 solution rose rapidly during the first 15 minutes, so that the fatty acids would be in the ionised form largely for most of the hour as with the pH 7-2 solutions.
In the human colon a chloride-bicarbonate exchange is thought to occur (Devroede and Phillips, 1969) , because more chloride than sodium is absorbed from equimolar solutions and the excess matched by secretion of bicarbonate. In this study more short chain fatty acids than sodium were absorbed and this excess was matched by excess bicarbonate secretion over chloride absorption. In the horse colon short chain fatty acid-bicarbonate exchange has been described (Argenzio et al., 1976) .
The ability of the large intestine to secrete bicarbonate in exchange for other anions, both chloride and short chain fatty acids, provides considerable capacity for controlling the pH of luminal contents. This is shown by the rapidity with which the solution of initial pH 5*5 rose to pH 7.
Although we have not measured the total capacity of the large bowel to absorb short chain fatty acids, this may be deduced by other means. On a typical daily intake of 20 g of fibre in Britain, 10-15 g are broken down (Southgate and Durnin, 1970) . This would result in the production of at least 100 mmol of short chain fatty acids. No figures are available for the production of short chain fatty acids from other dietarysources but a total of 5-20 mmol of short chain fatty acids are known to be excreted daily in the faeces (Cummings et al., 1976) . Thus at least 80 N. I McNeil, J. H. Cummings, and W. P. T. James mmol are unaccounted for which could be further metabolised by bacteria or absorbed and would then yield 100 kJ. In parts of the world where fibre intakes are much higher, in the range 60-175 g daily, equivalent processes could yield appreciable quantities of metabolisable energy.
The role of short chain fatty acids in faecal bulking remains unclear. If the amount of fibre digested within the colon were the main determinant of faecal bulking then the most digestible fibre fraction would contribute most to short chain fatty acid production and most to faecal output. Yet pectin is almost completely digested in the colon and results in only a minimal increase in faecal bulk (Cummings and Southgate, unpublished observations) . The fact that short chain fatty acids can be absorbed by the human colon means that a simple explanation for faecal bulking based on their production and accumulation in the bowel lumen is not possible. In view of their ready absorption, their high concentrations in faeces probably result from their being caught up in a solid mass of material and unable to diffuse readily to the mucosa, while being continually produced by colonic bacteria. Alternatively, short chain fatty acids may be retained within the colon at neutral pH because the absorption of associated cations like calcium and magnesium is slow. Before we can disentangle the key mechanisms which determine faecal bulking on high fibre diets we need to understand the sequence of fibre digestion and short chain fatty acid absorption in the colon. 
